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A B S T R A C T
Isolates of Helicobacter pylori from 88 patients were characterised by cagA status, cagA pathogenicity
island (PAI) right-end motifs, iceA, vacA and lspA–glmM genotypes, primarily by PCR-based analysis, to
investigate whether Argentinean isolates differed from those recovered in southern Europe or other
Latin American countries. PCR-based analysis of vacA alleles was confirmed by reverse hybridisation in
56 cases, while sequence analysis was performed either when iceA and vacA genotypes could not be
determined by PCR, or to investigate PCR and reverse hybridisation vacA genotyping discordance.
Typing by lspA–glmM restriction fragment length polymorphism was performed with HhaI and AluI.
The pattern of cag PAI right-end motifs and the prevalence of type Ia were similar to those in isolates
from southern European countries, with cagA+ ⁄ iceA1 ⁄ vacA-s1 m1 being the commonest genotype.
Reverse hybridisation identified a vacA-s1a ⁄ s1b recombinant allele, confirmed by sequencing analysis.
Analysis of lspA–glmM genotypes identified at least 73 unrelated strains. Few mixed infections were
identified, but in one case, isolates from a single biopsy exhibiting two vacA alleles were shown by lspA–
glmM fingerprints to be two unrelated strains. No associated effect on ulcer disease risk was
demonstrated by analysis of cagA, vacA and iceA status. Overall, the isolates of H. pylori from Argentina
were similar to isolates from southern Europe or Latin American countries, and infections were
associated mainly with single H. pylori strains.
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I N T R O D U C T I O N
Helicobacter pylori is a gastric pathogen carried by
more than half of all humans worldwide [1].
Overlying the genetic diversity among strains in a
given community, there are indications of signi-
ficant geographical or ethnic differences associ-
ated with certain loci, e.g., carriage of cag
(cytotoxin-associated gene) pathogenicity island
(PAI) and the vacA (vacuolating cytotoxin) and
iceA (induced by contact with epithelium) genes
[2–6]. The cag PAI encodes a type IV secretion
system, which is used to translocate the CagA
protein, responsible for rearrangements of the
actin cytoskeleton in eukaryotic cells, and to
induce the secretion of chemokines such as
interleukin-8 [7], while VacA causes cellular
vacuolation in epithelial cells and may also block
proliferation of T-cells by inducing G1 ⁄ S cell cycle
arrest [8]. Two distinct variants of the iceA gene,
designated iceA1 and iceA2, have been identified,
but only iceA1 was induced following contact
with gastric epithelium [9]. One-half to two-thirds
of isolates from the USA and Europe harbour the
cag PAI, and these isolates seem to be recovered
from patients with severe disease. In contrast,
nearly all East Asian strains carry the cag PAI
without any specific association with disease [2].
Likewise, disparity in the occurrence of vacA and
iceA gene variants in diverse ethnic groups and
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their association with disease outcome has been
described [3,4].
In a previous study of an Argentinean popu-
lation, strains were characterised by vacA and
cagA status, but analysis of the interaction
between cagA carriage and each vacA allele failed
to demonstrate a combination risk factor for
development of ulcer disease (UD) [10]. How-
ever, iceA genotypes were not determined, and
the addition of iceA genotyping might allow
better discrimination of isolates associated with
a higher risk of severe disease. Prediction of
disease outcome based on combined cagA, vacA
and iceA status has provided contrasting results
in several geographically distinct populations
[4,11]. Despite the fact that cagA, vacA and iceA
genotyping may or may not be useful in some
regions, there is a strong association between the
presence of the cag PAI and other virulence
factors. Strains that are cag-positive are signifi-
cantly more likely to harbour the vacA-s1 variant
and the iceA1 allele [4]. Moreover, genotyping of
cagA, vacA and iceA has been used to demonstrate
the conservation of H. pylori genotypes in diverse
ethnic groups living in the same city, providing
further evidence for inter-family transmission of
this bacterium [3].
In contrast to the above observations, a set of
insertion, deletion and substitution motifs at the
extreme right-end of the cag PAI had no dis-
cernible effect on the risk of H. pylori infection,
persistence or virulence, although this genetic
region seemed to be suited to population-level
surveys of H. pylori genotypes because, geo-
graphically, it is distributed non-randomly [12].
Five main types of DNA sequence motif have
been found at the right-end of the cag PAI. In
particular, type I predominated in Spanish
strains, type II in Chinese and Japanese strains,
and type III in strains from Calcutta, India. Type
I and II motifs were both common in northern
European countries. The type IV motif is rare,
and was found by Kersulyte et al. [12] in a single
UK strain and in two strains from West Virginia,
USA. The type V motif was found in a few
strains from Calcutta [12]. Thus, if the right-end
of cag PAI motifs can distinguish isolates from
different ethnic groups, strains circulating in
Argentina might be similar to those from indi-
viduals of the same ancestral origin in southern
European countries. This assumption relies on
the primarily intra-familial transmission of
H. pylori, such that a genotype of H. pylori would
be expected to persist in a sub-population
defined by ethnic group [3].
The species H. pylori contains a large number of
clonal lineages [13]. The diversity among strains
in a given community can be demonstrated by
techniques such as pulsed-field gel electrophor-
esis [13], restriction fragment length polymorph-
ism (RFLP) analysis of genetic loci such as vacA,
flaA, ureAB and lspA–glmM [13], PCR analysis of
repetitive extragenic palindromic sequences [14],
and randomly amplified polymorphic DNA ana-
lysis. All these techniques are useful for charac-
terising individual isolates, even those causing
mixed infections in the same host [15]. The
present study aimed to characterise the origin of
H. pylori isolates from Argentina by analysing
the polymorphic right end of the cag PAI, as
well as vacA and iceA genotypes, in order to
determine their relationship to isolates recovered
in southern Europe or other Latin American
countries. In addition, the clonal lineages of all
strains were determined by lspA–glmM poly-
morphism analysis.
M A T E R I A L S A N D M E T H O D S
Patients and bacterial culture
H. pylori isolates were recovered from gastric biopsy speci-
mens from 88 patients referred for endoscopy at two hospitals
in Buenos Aires, Argentina, from March to December 2002.
In Buenos Aires, inhabitants are primarily direct descend-
ants of southern European ethnic groups, with a significantly
lower incidence of Amerindian or Asiatic ethnic groups. The
population studied comprised 25 women and 63 men (aged
28–73 years), whose socio-economic status satisfied basic
needs. This was based on the guidelines established by the
Argentine Bureau of Statistics and Census (Instituto Nacional
de Estadı´sticas y Censos, INDEC [16]), considering sanitary
factors, living conditions and education level. All patients
enrolled in the study provided written consent for biopsy
samples under protocols approved by the Human Studies
Committee of each institution. Endoscopic diagnoses were as
follows: 55 patients had no UD, while 33 had UD (ten patients
with a duodenal ulcer, 23 with a peptic ulcer). Biopsies were
cultured as described previously [10].
Genomic DNA extraction
DNA was obtained from a pool of H. pylori colonies from
individual biopsies in order to identify mixed infections. In
15 cases, DNA was also collected from an average of 20 single
colonies from each biopsy subcultured individually. Chromo-
somal DNA was isolated from confluent plate cultures by
standard protocols using sodium dodecyl sulphate (SDS),
lysozyme and proteinase K, followed by phenol–chloroform
extraction and ethanol precipitation.
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Analysis of cagA gene status and cag PAI right-end region
The cagA gene was detected as described previously [10].
To amplify the full-length right-end region of the cag PAI,
primers cagF4584 (5¢-GTTAATACAAAAGGTGGTTTCCAAA-
AATC-3¢) and cagR5280 (5¢-GGTTGCACGCATTTTCCCTTA-
ATC-3¢) were used [12]. Amplicons of ‡ 1000 bp were charac-
terised with two additional sets of primers: cagF4856
(5¢-GCGATGAGAAGAATATCTTTAGCG-3¢) with cagR5280;
and cagF4584 with XinsR (5¢-CGCTCTCTAATTGTTCTAGGA-
3¢) [12]. Amplicons of c. 700 bp were sequenced.
Identification of vacA gene variants by PCR
Primers VA1F (5¢-ATGGAAATACAACAAACACAC-3¢) and
VA1XR (5¢-CCTGAGCCGTCCTACAGC-3¢) were used to iden-
tify vacA-s1 and -s2 variants [17]. In addition, vacA-s1 isolates
were subtyped using primers S1A, SS3 and S1C, with VA1R as
the reverse primer [17,18]. Analysis of the vacA m region was
carried out with VAG-F (5¢-CAATCTGTCCAATCAAGCGAG-
3¢) and VAG-R (5¢-GCGTCAAAATAATTCCAAGG-3¢) prim-
ers [19]. In four cases, the vacA-s region was also typed by
sequencing analysis, using SIG-F (5¢-ATGGAAATACAACA-
AACACACCG-3¢) and SIG-R (5¢-CAACCTTCCATCAATCT-
TACTGGA-3¢) primers [2].
Identification of vacA gene variants by reverse hybridisation
In 56 cases, vacA genotypes selected randomly were also
analysed by reverse hybridisation (RH) [20] in order to analyse
their correlation with vacA PCR-typing. Briefly, a multiplex
PCR was performed with primers VA1F, VA1XR, VAG-F and
VAG-R, biotin-labelled at the 5¢-end. Nitrocellulose strips
containing 13 dT-tailed oligonucleotide probes immobilised as
parallel lines were used. The tailing reaction included 50 pmol
of each oligonucleotide, 2 mM dTTP, 60 U of terminal deoxy-
nucleotidyl transferase (Promega, Madison, WI, USA) and
terminal transferase 1· buffer (100 mM cacodylic acid, 0.1 mM
DTT and 1 mM CoCl2) in a 50-lL final volume, and was
incubated at 37C for 18 h. Lines were drawn using a Bio-dot
SF blotter (Bio-Rad, Hercules, CA, USA). Assays were carried
out with the following oligonucleotide probes: P1S1 and
P22S1a for s1a; P1S1b and P2S1b for s1b; P3S1 and P4S1 for
s1c; P1S2 s2 and P2S2 for s2; P1M1 and P2M1 for m1; P1M2a
and P2M2a for m2a; and P2M2b for m2b [17]. Products (10 lL)
of each multiplex PCR were denatured by the addition of an
equal amount of 400 mM NaOH ⁄ 10 mM EDTA in a plastic
trough. After 5 min, 1 mL of pre-warmed hybridisation solu-
tion (2· SSC (0.3 M NaCl, 30 mM sodium citrate), 50 mM Tris-
HCl, pH 7.5, SDS 0.1% w ⁄v, 100 lg ⁄mL herring sperm DNA,
and 5· Denhardt’s reagent) was added. Strips flooded in
hybridisation solution containing denatured PCR products
and enclosed in plastic bags were submerged and incubated in
a shaking water bath at 50 ± 0.5C for 1 h. The strips were
washed for 15 min at 50C (in 2· SSC, 50 mM Tris-HCl,
pH 7.5, SDS 0.1% w ⁄v), and then rinsed twice in buffer 1
(0.1 M Tris-HCl, 0.1 M NaCl, 2 mMMgCl2, pH 7.5) at 50C for
15 min. Next, the strips were incubated at room temperature
for 30 min in buffer 2 (blocking reagent (Roche Diagnostics,
Indianapolis, IN, USA) 1% w ⁄v in buffer 1), followed by the
addition of streptavidin–alkaline phosphatase conjugate (Life
Technologies, Gaithersburg, MD, USA) 1 lL in 1 mL buffer 2.
After incubation at room temperature for 30 min, the strips
were rinsed twice with buffer 1, followed by colour develop-
ment with 4-nitroblue tetrazolium chloride (Sigma, St Louis,
MO, USA) and 5-bromo-4-chloro-3-indolylphosphate (Sigma).
Positive hybidisation results were visible as purple lines.
Identification of iceA variants
Two sets of universal primers were employed [9]. In seven
cases, the iceA genotype was determined or confirmed by
sequencing analysis, using IAS-F (5¢-CGTGGGCGATGATG-
TGAAGATTG-3¢) and IAS-R (5¢-CGTCCCAGCGAACAGAT-
CACAA-3¢) primers to amplify the full-length gene [6].
Analysis of lspA–glmM polymorphism
For lspA–glmM polymorphism analysis, a 1.72-kb fragment
was amplified with primers glmMF (5¢-TGGGACTGATGGC-
GTGAGGG-3) and IspAR (5¢-ATCATGCATCAGCGAAGTT-
AAAAATGG-3¢) [12,13]. RFLP analysis was done with HhaI
[12] and with AluI (Promega) [13], and digests were electro-
phoresed in an agarose 3.5% w ⁄v gel. Banding patterns were
analysed visually, and all loci were scored for the presence and
absence of a band. Additive DNA banding patterns generated
by either restriction enzyme in independent reactions yielded
a maximum of 45 scored bands. Banding pattern similarities
were scored using the Dice coefficient [21]. Cluster analysis
was performed by UPGMA (unweighted pair-group method
with arithmetic averages) using NTSyS-PC v. 1.40 software
(Exeter Software, Setauket, NY, USA).
PCRs
All PCR mixtures consisted of 100 ng of DNA, 10 mM Tris-
HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 200 lM each
deoxynucleotide, 25 pmol of forward and reverse primers,
and 1.5 U of AmpliTaq (Promega) in a final volume of 50 lL.
The PCR program comprised denaturation for 3 min at 95C,
followed by 38 cycles of 1 min at 95C, 1 min at 50C for cagA
detection and lspA–glmM polymorphism analysis, or 1 min at
54C for vacA-s and -m genotyping, and 1 min at 72C. Final
extension was for 7 min at 72C.
Sequence analysis
Amplified DNA was purified using Wizard-PCR Preps
(Promega) according to the manufacturer’s instructions. Both
DNA strands were sequenced with an ABI 373 DNA sequencer
(Applied Biosystems, Warrington, UK). Nucleotide sequences
were analysed with BioEdit v. 5.0.9 software (North Carolina
State University, Raleigh, NC, USA) and the BLAST program
at the National Centre for Biotechnology Information. CLU-
STAL X Multiple Sequence Alignment Program v. 1.81
(IGBMC, Strasbourg, France) was used to perform multiple-
alignment analyses.
Statistical methods
Multivariate analysis using a binary logistic regression model
was employed to estimate predictable values of the interaction
of cagA, vacA and iceA status for UD. Data were analysed
using SPSS for Windows v. 10.0 (SPSS Inc., Chicago, IL, USA).
Chi-square test was also calculated by SPSS for Windows v.
10.0.
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R E S U L T S A N D D I S C U S S I O N
Analysis of cag status and right-end junction
region of the cag PAI
Most (77%; 68 ⁄ 88) of the isolates were cagA-
positive. Amplification of the right-end of the cag
PAI region yielded fragments with three distinct
sizes, namely c. 1 kb (53 isolates), 1.3 kb (11
isolates) and 700 bp (four isolates). Characterisa-
tion with two additional sets of primers of the
1-kb and 1.3-kb amplicons identified the type Ia
motif in 53 (78%) isolates, the type Ib motif in ten
(14%) isolates, and the type IVmotif in one isolate.
Sequence analysis of the four 700-bp fragments
identified a type IIIamotif (Fig. 1a,b) uncommon in
Western populations [12]. Two of these isolates
contained a 39-bp deletion located between the
IS606* remnant and unk1 sequences, similar to
other type IIIa strains (Fig. 1c) described by Kersu-
lyte et al. [12]. No isolate harboured the type II
motif. Thus, because of the relative abundance of
type I motifs (specifically type Ia), the infrequent
occurrence of the type III motif, and the absence of
the type II motif, the isolates were similar to those
from southern European countries [12], reflecting
the ancestry of the Buenos Aires population.
Conservation of the right-end of the cag PAI region
motifs within ethnic groups over several genera-
tions suggests that co-evolution of humans and
H. pylori has occurred.
Analysis of iceA genotypes
With the use of PCR, iceA genotypes were
identified for 84 of 88 isolates; 42 were iceA1 and
40 were iceA2, while both iceA1 and iceA2 were
identified in two isolates. The similar frequency of
occurrence of the iceA1 and iceA2 alleles in these
isolates contrasts with the report of Ashour et al.
[22] on the predominance of iceA2 isolates in adult
Brazilian patients. Amplicons of 229 bp and
334 bp were obtained from 76% (32 ⁄ 42) and
21% (8 ⁄ 42) of the iceA2 isolates, respectively. In
one case, amplification fragments of 229 bp,
334 bp and 439 bp were observed, suggesting
mixed infection. DNA sequencing of the full-
length iceA gene was used to identify the geno-
types of the four isolates that could not be typed
by PCR. Although these isolates were of the
iceA1 type, deletion of the nucleotide sequence
corresponding to the iceAF5 primer prevented
PCR amplification (Fig. 1d). However, the fact
that only four isolates failed to yield an amplicon
was indicative that the universal primers for iceA
allele typing could be used with isolates from
most of the world [9].
Analysis of vacA genotypes
In 56 biopsies, vacA genotypes were analysed by
PCR with specific primers and by RH in order to
allow the correlation of both results. The PCR
results were in complete agreement with the RH
results, with one exception (isolate AR-710),
where PCR identified the vacA-s1a genotype,
while RH showed strong hybridisation with both
probes used for vacA-s1a detection and with one
of the two probes for vacA-s1b. A similar lack of
correlation between PCR typing and the RH result
was found with DNA obtained from single
colonies of the same biopsy, suggesting that the
vacA-s region may be a recombinant s1a ⁄ s1b.
Sequence analysis indicated that the vacA-s region
of isolate AR-710 lacked the vacA-s1b forward
primer sequences, resulting in detection only of
vacA-s1a (Fig. 2), although this region differed by
just two bases from the P2S1b probe. Identifica-
tion of this probable recombinant by RH supports
the higher specificity of this assay [17].
The frequency of occurrence of the vacA-s1 m1
allele was significantly higher than that of s2 m2
(46 ⁄ 88 vs. 22 ⁄ 88; p 0.01). As in southern European
and other Latin American countries [3,23], vacA-
s1b was the allele isolated most frequently
(29 ⁄ 88). However, in contrast to a previous study
in Brazil [24], where the vacA-s1 isolates studied
were all vacA-s1b m1, the vacA-s1a m1 allele was
also identified in the present population (17 ⁄ 88).
Mixed vacA alleles were detected in four isolates
(vacA-s1a ⁄ s2 m1, vacA-s1a ⁄ s2 m2, vacA-s1a ⁄ s1b
m1 and vacA-s1a ⁄b m2).
Table 1 shows the cagA status and iceA and
vacA genotypes of the H. pylori isolates recovered
from patients with and without UD. The com-
monest genotype was cagA+ ⁄ iceA1 ⁄ vacA-s1 m1.
Contrary to the observations of van Doorn et al.
[4], no association was demonstrated by multiva-
riate analysis in the present population between
cagA, vacA and iceA status and the risk of
development of UD (Table 2). Thus, the inclusion
of iceA in the interaction analysis failed to modify
the results obtained when considering only vacA
and cagA to predict the development of UD [10].
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Analysis of lspA–glmM polymorphism
This analysis was performed to investigate clonal
variation among isolates recovered from biopsies
of different hosts, and to investigate the clonal
lineages of isolates from biopsies that demonstra-
ted multiple vacA and iceA alleles. By estimating
cumulative DNA banding patterns obtained with
HhaI RFLP and AluI RFLP, 45 bands were scored.
Although dissimilar banding patterns were
obtained with each isolate from the 88 biopsies
with at least one enzyme, the fingerprint simi-
larity of isolates from 73 biopsies was 20–78%
(Dice coefficient (D) 0.2–0.78). Isolates from the
remaining 15 biopsies showed 80–96% similarity
(D 0.8–0.96). If a cut-off similarity level of 80% is
considered to delineate different clones [25], these
15 isolates can be considered to be closely related.
In eight cases selected at random, the similarity
among banding patterns obtained with DNA
extracted from single colonies from the same
biopsy was 87–100%.
In the six isolates showing multiple vacA and
iceA alleles, lspA–glmM polymorphism analysis of
20 DNA extracts from single colonies of each
biopsy sample was performed (Fig. 3). Two dif-
ferent clonal lineages were identified in only one
sample. In this sample, identified by PCR and RH
Fig. 1. Representative sequences of
the right-end junction region of the
cag pathogenicity island (PAI) type
III motif and iceA gene. (a) Type III
motif isolates characterised by 200-
bp unk1 (function unknown [9])
gene sequences that replace almost
the entire hel (helicase) gene. The
GenBank accession numbers of iso-
lates AR-66, AR-312, AR-616 and
AR-43 are AY186032, AY186031,
AY186030 and AY186033, respect-
ively. (b) Corresponding empty site
in isolates that lack a mini-IS605
insertion at the site of the remnant
IS606* in the right-end junction
region of the cag PAI. Absence of a
mini-IS605 element in the four DNA
fragments classified as type IIIa
motif. (c) Type IIIa motif isolates
with and without a 39-bp deletion;
isolates AR-66 and AR-43 lack this
39-bp deletion, as does strain
AF190662 (Sweden53 [12]); AR-312
and AR-616 carry this deletion, as
does strain AF191011 (JapanHU54
[12]). (d) Representative sequences
of the iceA1 gene at the site of the
forward universal primer. Primer
sequences are in lower-case letters
[4,9]. The GenBank accession num-
bers of isolates AR-25, AR-82 and
AR-84 are AY185132, AY185133 and
AY185134, respectively.
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as containing the vacA-s1a m2 and vacA-s1b m2
genotypes, analysis of single colonies identified
individual isolates with each allele. Analysis of
lspA–glmM also showed two banding patterns
with 52.6% (D 0.526) similarity, characterised as
two unrelated strains (Fig. 3a, isolates 705a, 705b
and 705c).
In the case of probable mixed infection indica-
ted by iceA2 analysis, single-colony analysis indi-
cated that most colonies yielded the 229-bp band,
while lspA–glmM fingerprints of DNA obtained
from all these individual colonies were closely
related (D 0.95–1). In the other four cases, only
one of the vacA or iceA gene alleles identified from
the pooled biopsy samples was identified from
culture of individual biopsies, and the lspA–glmM
fingerprint D-values ranged from 0.85 to 1.
Fig. 3a also shows similarities (D 0.94–1.0)
between the banding patterns obtained from five
isolates recovered from the same biopsy harbour-
ing the recombinant vacA-s1a ⁄ s1b region des-
cribed above (isolates 710a–e). Thus, according to
lspA–glmM analysis, at least 73 of 88 infections
were caused by single unrelated strains, and only
one mixed infection could be confirmed by the
combined results of all the markers used.
O V E R A L L C O N C L U S I O N S
The number of mixed infections might be higher
if multiple biopsies from a single host were
analysed. The low number of mixed infections
Fig. 2. Alignments of vacA-s1 DNA sequences. S1a-F (lower-case sequences without shading) and SS3-F: forward primers
for vacA-s1a and vacA-s1b detection by PCR-typing, respectively [4,11]. P1S1 and P22S1a, and P2S1b and P2S1b:
oligonucleotide probes for vacA-s1a and vacA-s1b detection by reverse hybridisation, respectively [10]. The GenBank
accession numbers of isolates AR-312, AR-710, AR-602(III) and AR-609 are AY185131, AY185128, AY185130 and AY185129,
respectively.
Table 1. Distribution of genetic characteristics of Helico-
bacter pylori in relation to disease status
cagA status and iceA,
vacA alleles
Patient disease status
TotalWith ulcer disease Without ulcer disease
cagA– isolates
iceA1
vacA-s1 m1 1 1 2
vacA-s2 m2 2 4 6
iceA2
vacA-s1 m2 – 2 2
vacA-s2 m2 1 8 9
vacA-s1 ⁄ s2 m2 1 – 1
cagA+ isolates
iceA1
vacA-s1 m1 14 16 30
vacA-s2 m2 – 4 4
vacA-s1 m2 2 1 3
vacA-s1 ⁄ s2 m1 – 1 1
iceA2
vacA-s1 m1 7 8 15
vacA-s1 m2 4 8 12
vacA-s2 m2 – 1 1
iceA1 ⁄ iceA2
vacA-s2 m2 1 1 2
Total 33 55 88
Table 2. Results of multivariate analysis on cagA, vacA
and iceA status for prediction of ulcer disease
Interaction terms p OD
95% Confidence
interval
Lower Upper
cagA by iceA1 by vacA-s1 m1 0.064 0.290 0.078 1.076
cagA by iceA2 by vacA-s1 m1 0.084 0.269 0.061 1.191
cagA by iceA1 by vacA-s2 m2 0.814 1216.641 0.000 6.4 · 1028
cagA by iceA2 by vacA-s2 m2 0.341 0.235 0.012 4.624
cagA by iceA1 by vacA-s1 m2 0.341 0.235 0.012 4.624
cagA by iceA2 by vacA-s1 m2 0.595 0.627 0.113 3.493
p values < 0.05 were considered significant.
OR, odds ratio.
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revealed by this study differed from the results
obtained in other Latin American countries
[22,24,26]. The occurrence of mixed infection
was not investigated with cagA-positive and
cagA-negative isolates, using primers for the cag
empty site [12], so that several mixed infections
could have been missed, even though the pres-
ence of cagA heterogeneity in the H. pylori pop-
ulation infecting a host may not represent a mixed
infection. It has been proposed that the H. pylori
population colonising a host’s stomach could
consist of a pool of variants of a single founding
cell that effectively compete with each other,
thereby allowing host conditions to select for
optimal fitness [27]. This could be explained by
the genetic rearrangement that a strain can
undergo during persistent colonisation, and by
its capacity to lose and acquire exogenous DNA,
resulting in a diversity of H. pylori ‘lines’ follow-
ing bacterial adjustment to changing host condi-
tions.
Following multiple biopsies of a single patient
and analysis of the genetic characteristics of the
isolates recovered with those of a strain obtained
6 years previously, Israel et al. [28] demonstrated
that whole genome microarray analysis revealed
differences in genetic content, even though ran-
dom amplified polymorphic DNA PCR and DNA
sequencing of four unlinked loci indicated that
these isolates were closely related to the original
strain. Whether this result represents divergent
lines of a single founding strain or the low ability
of macroscale analysis to delineate different
strains is uncertain. In contrast, Thoreson et al.
[29] demonstrated host colonisation with multiple
strains recovered from different biopsies using
random amplified polymorphic DNA PCR and
ERIC (enterobacterial repetitive extragenic con-
sensus)-PCR in patients with duodenal ulcer
disease. However, variation in a few specific
polymorphic loci in a single biopsy may not
accurately represent the true incidence of infec-
tion caused by single or multiple strains. In
populations of other Latin American countries,
where greater numbers of mixed infections were
reported, identification was based on the presence
Dice coefficient
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Fig. 3. Results of analysis by lspA–glmM polymorphism. (a) Similarity among lspA–glmM fingerprints exhibited by isolates
recovered from single colonies of the same biopsy and others from different biopsies. Similarity was scored by Dice
coefficient [21]. Letters following a case number indicate isolates recovered from the same biopsy. (b) Fingerprints obtained
with AluI (lanes 1–5) and HhaI (lanes 6–11). M, 100-kb size marker ladder (Promega).
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of multiple vacA and iceA alleles, without speci-
fying whether the different variants were identi-
fied in single or multiple biopsies [22,26].
In conclusion, right-end cag PAI genotyping
demonstrated that the H. pylori strains circulating
in the Argentinean population studied did not
differ markedly from the strains described in
southern European countries, while the cagA,
vacA and iceA genotyping results did not differ
from those found in other Latin American coun-
tries. In contrast to observations in other popula-
tions, the clinical presentation could not be
predicted by combining the iceA and vacA geno-
typing results with the cagA status. A single-strain
infection was detected in almost all cases, con-
trasting with reports from other Latin American
countries.
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